We report the discovery of a peculiar L dwarf from the UKIDSS Large Area Survey (LAS), ULAS J222711−004547. The very red infrared photometry (MKO J − K = 2.79±0.06, WISE W 1−W 2 = 0.65±0.05) of ULAS J222711−004547 makes it one of the reddest brown dwarfs discovered so far. We obtained a moderate resolution spectrum of this target using VLT/XSHOOTER, and classify it as L7pec, confirming its very red nature. Comparison to theoretical models suggests that the object could be a low-gravity L dwarf with a solar or higher than solar metallicity. Nonetheless, the match of such fits to the spectral energy distribution is rather poor and this and other less red peculiar red L dwarfs pose new challenges for the modeling of ultracool atmospheres, especially to the understanding of the effects of condensates and their sensitivity to gravity and metallicity. We determined the proper motion of ULAS J222711−004547 using the data available in the literature, and we find that its kinematics do not suggest membership of any of the known young associations. We show that applying a simple de-reddening curve to its spectrum allows it to resemble the spectra of the L7 spectroscopic standards without any spectral features that distinguish it as low metallicity or low gravity. Given the negligible interstellar reddening of the field containing our target, we conclude that the reddening of the spectrum is mostly due to an excess of dust in the photosphere of the target. De-reddening the spectrum using extinction curves for different dust species gives surprisingly good results and suggests a characteristic grain size of ∼0.5 µm. We show that by increasing the optical depth, the same extinction curves allow the spectrum of ULAS J222711−004547 to resemble the spectra of unusually blue L dwarfs and even slightly metal-poor L dwarfs. Grains of similar size also yield very good fits when dereddening other unusually red L dwarfs in the L5 to L7.5 range. These results suggest that the diversity in near infrared colours and spectra seen in late-L dwarfs could be due to differences in the optical thickness of the dust cloud deck.
cal spectra (Cruz, Kirkpatrick, & Burgasser 2009, and references therein) . Near-infrared spectra show peaked H-band and a general flux excess towards longer wavelength (e.g. Lucas et al. 2001; Lodieu et al. 2008) . As a result, young brown dwarfs appear very red in terms of infrared colours.
Recent kinematic studies however have suggested that field objects showing signs of youth in their spectra could instead be relatively old (Kirkpatrick et al. 2010; Faherty et al. 2012) . The peculiar morphology of their spectra therefore is not an effect of low surface gravity, but could instead be caused by an excess of dust in their photosphere (Cushing et al. 2008) due to an higher-than-average metallicity (e.g. Leggett et al. 2007; Looper et al. 2008; Stephens et al. 2009 ). The nature of these objects, generally referred to as "unusually red L dwarfs" (hereafter URLs, e.g. Gizis et al. 2012 ) is not fully understood yet, in part because of the lack of such objects discovered so far. There are indeed only nine identified URLs: the L1pec 2MASS J13313310+3407583 (Reid et al. 2008; Kirkpatrick et al. 2010) ; the L5pec 2MASS J18212815+1414010 (Looper et al. 2008 ) and 2MASS J23512200+3010540 (Kirkpatrick et al. 2010) ; the L6.5pec 2MASS J21481628+4003593 (Looper et al. 2008 ) and 2MASS J23174712−4838501 (Reid et al. 2008; Kirkpatrick et al. 2010) ; the L7.5pec WISEP J004701.06+680352.1 (Gizis et al. 2012) ; the recently discovered L7.5 WISE J104915.57−531906.1A (Luhman 2013; Burgasser, Sheppard, & Luhman 2013) ; finally the L9pec WISEPA J020625.26+264023.6 and WISEPA J164715.59+563208.2 (Kirkpatrick et al. 2011) .
Planetary-mass objects show similar near-infrared colours, like 2M1207b (J − Ks = 3.1, Chauvin et al. 2004 ), PSO J318.5338−22.8603 (J − Ks = 2.84, Liu et al. 2013) and the HR8799 planets (Marois et al. 2008) , and their photometric and spectroscopic properties are believed to be heavily influenced by the atmospheric condensates (e.g. Madhusudhan, Burrows, & Currie 2011) . URLs can therefore be considered a "bridge" between brown dwarfs and giant planets atmospheres, thus a useful test-bed for the atmospheric models. Also, these objects can be used as probes to understand the physics of dust clouds, and to disentangle the effects of surface gravity and metallicity in the L type temperature regime.
In this contribution we present a new example of this class of objects, discovered in the United Kingdom Infrared Deep Sky Survey (UKIDSS) Large Area Survey (LAS): ULAS J222711−004547. With a spectral type of L7pec (see Section 3), this object marks an extreme in the L/T transition, where the role of dust and condensates clouds becomes fundamental (e.g. Burrows, Heng, & Nampaisarn 2011; Burrows, Sudarsky, & Hubeny 2006; Allard et al. 2001) . The processes leading to the formation and subsequent disruption of said clouds, which determine the transition from L to T class objects, are still poorly understood. Constraining the effect of surface gravity and metallicity in these processes is an open challenge, with the different assumptions adopted in modern atmospheric models leading to significantly different results (especially for peculiar objects, see Section 6). ULAS J222711−004547 represents a new opportunity to investigate this interesting stage in the evolution of sub-stellar objects.
In Section 2 we describe the candidate selection process. In Section 3 we present the spectrum obtained for our target, and discuss its peculiarities. In Section 4 we compare the photometry of ULAS J222711−004547 with the population of known brown dwarfs. In Section 5 we calculate the target's proper motion, using the data available in the literature. In Section 6 we de-redden the spectrum of ULAS J222711−004547 using extinction laws for different dust species, and we derive a typical grain size for the dust particles. In Section 7 we compare its spectrum with atmospheric models. Finally in Section 8 we summarize and discuss the results obtained.
CANDIDATE SELECTION
ULAS J222711−004547 was selected from DR7 of the UKIDSS LAS, as part of a large spectroscopic campaign to constrain the sub-stellar birth rate ).
The sample included objects with declination 20 degrees, J < 18.1 and Y −J > 0.8. The initial list of candidate brown dwarfs was cross-matched against SDSS DR7 to identify objects with optical counter parts. The sample was then filtered to include only objects with z − J 2.4 if J − K 1.0 or z − J 2.9 if J − K < 1.0. However, since mid-T dwarfs typically have z − J > 3.0 some objects would be too faint to be detected in SDSS. We therefore included these SDSS non-detections. Additional colour cuts were used and the list of quality flags applied to the sample can be found in Day-Jones et al. (2013) , and we refer the reader to that contribution for a more detailed description of the candidate selection process. The final list of candidates was visually inspected to remove any possible mis-matches or spurious sources.
SPECTROSCOPIC FOLLOW-UP

Observations & data reduction
We obtained a medium resolution spectrum of ULAS J222711−004547 using XSHOOTER on UT2 at the VLT. The instrument was used in echelle slit mode, covering the wavelength range of 0.3-2.5 µm. The full wavelength range is split into three separate arms, the UVB (0.3-0.55 µm), VIS (0.55-1.0 µm), and NIR (1.0-2.5 µm).
The target was observed on the night of 2011-10-03 under the ESO program 088.C-0048 (P.I. A. C. Day-Jones), using a slit width of 1.0" in the UVB arm and 0.9" in the VIS and NIR arms. These correspond to a resolution of 5100 in the UVB arm, 8800 in the VIS arm and 5100 in the NIR arm. The object was visible in the 20 s acquisition image, and was placed on the centre of the slit. We took eight exposures in an ABBA nodded sequence, with individual exposure times of 230 s, 300 s and 390 s in the three arms.
To allow for telluric correction, we observed the B7V star HIP014143 immediately after the target, matching the airmass of the observation. The data were reduced using the ESO XSHOOTER pipeline (version 2.2.0). The pipeline removes non-linear pixels, subtracts the bias (in the UVB and VIS arm) or dark frames (in the NIR arm) and divides the raw frames by a master flat field. Biases, darks and flat fields are taken as part of the day time calibration. The images are then pairwise subtracted to remove sky background. The pipeline then extracts the different orders in each arm, and rectifies them using a multi-pinhole arc lamp taken during the day. The individual orders are then corrected for the flexure of the instrument using a single-pinhole arc lamp, taken at night just before the target. Finally the orders are merged and the spectrum is flux calibrated using the spectrophotometric standard taken at the beginning of the night. The telluric standard was reduced in the same way, except that the sky subtraction is performed by fitting the background, as the telluric standard was not observed in nodding mode.
We corrected for telluric absorption using our own IDL routine. First we removed the H lines from the telluric star by interpolating over them, and normalized it to one at 1.28 µm. Then we divided the standard by a black body curve for the appropriate temperature, normalized in the same way. Finally, we apply the telluric correction curve obtained this way to the target spectrum.
The three arms were merged by matching the flux level in the overlapping regions between them. We checked the accuracy of the flux calibration by determining the synthetic UKIDSS MKO Y JHK magnitudes and comparing them with the measured ones from the ULAS. The agreement between synthetic and measured magnitudes is good, within the errors quoted in the ULAS. The spectrum was then binned in the wavelength direction to increase the signalto-noise ratio (SNR), reducing the resolution by a factor of ∼10.
The spectrum obtained for ULAS J222711−004547 is plotted in Figure 1 . We only show the 0.55-2.5 µm range, as we do not detect any flux at shorter wavelengths. The median SNR in the four main wavelength ranges (red-optical, z-band, J-band, H-band, and K-band) is indicated above the spectrum. Unlike normal L and T dwarfs, the spectrum peaks in the H-band, with the K-band reaching almost the same flux level. The optical and J-band are very smooth, and the CO absorption at 2.3 µm appears weaker than in other L/T transition dwarfs. The flux level at 2.2 to 2.28 µm is higher than in normal late-L dwarfs, an indication of a reduced Collision Induced Absorption (CIA) of H2 or a reduced absorption from CH4, the two major sources of opacity at these wavelengths (e.g. Tokunaga & Kobayashi 1999; McLean et al. 2003) . A more detailed description of the spectral features of ULAS J222711−004547 is given in the following sections.
Spectral typing
Given the peculiarity of the spectrum of ULAS J222711−004547, we cannot apply the standard spectral typing systems developed for L and T dwarfs (Kirkpatrick et al. 1999; Burgasser et al. 2006 ). To assign a spectral type to our target we therefore split its spectrum into three separate portions: optical+J-band (0.7-1.35 µm), H-band (1.45-1.8 µm), and K-band (2.0-2.5 µm). We normalized the three portions separately to remove the steep red slope, and we compared them to the spectra of standard L and T dwarfs, treated the same way 1 . In all three portions, the best fit is given by the L7 standard 2MASSI J0103320+193536, but the match between the two spectra remains poor. We show the three portions of the spectrum with the best fit standard template on the top panel of Figure 2 . If we compare directly the spectrum of ULAS J222711−004547 with 2MASSI J0103320+193536 (normalizing the complete spectra to 1 at 1.28 µm) we note immediately that our target is much redder than the standard, with an increased flux level in the H and K bands, as we can see in the bottom panel of Figure 2 . We therefore classify ULAS J222711−004547 as L7pec, following the notation described in Kirkpatrick et al. (2010, Section 5.2) .
A way to confirm its spectral type is to compare ULAS J222711−004547 directly with known peculiar red L dwarfs. Figure 3 shows a comparison of its spectrum with the red L dwarfs 2MASS J035523.37+113343.7, 2MASS J21481628+4003593, WISEP J004701.06−680352.1, and 2MASSW J2244316+204343. The main absorption features are marked on the plot to ease the interpretation. Our target appears redder than all of the other peculiar L dwarfs. Its MKO J − K is 2.79±0.06, thus is the reddest measured of any field brown dwarf (see Section 4). The L5γ 2MASS J035523.37+113343.7 looks very similar to our target in the optical and J-band, but has weaker water absorption bands at ∼1.4 and 1.9 µm, as expected in a earlier type dwarf. The H-band of ULAS J222711−004547 looks less peaked than that of the L5γ, which could be an indication of higher surface gravity, but as pointed out by Allers & Liu (2013) the "peakiness" of the Hband is not a wholly reliable indicator because it has been seen in dusty L dwarfs that are not young. Our target also appears much brighter than the L5γ in the K-band, which is again expected in a later type dwarf. The L6.5pec 2MASS J21481628+4003593 reproduces very well the shape and flux level of the optical and J-band Figure 2 . The spectrum of ULAS J222711−004547 (black) compared to the L7 standard 2MASSI J0103320+193536 (red). Top: both spectra are normalized to 1 in each portion. Bottom: both spectra are normalized to 1 at 1.28 µm.
of ULAS J222711−004547. It also matches the relative depth of the water absorption bands, not surprisingly given the very small difference in spectral type. On the other hand, our target appears significantly redder in the H and K-band, and with a weaker FeH absorption feature at ∼ 1.6 µm. These could be evidence for an enhanced dust content in the photosphere of ULAS J222711−004547. The L7.5pec WISEP J004701.06−680352.1 and 2MASSW J2244316+204343 look similar to our target in the optical and J-band, but with less pronounced FeH absorption bands, a generally smoother continuum, and a slight flux excess between ∼0.9 and 1.1 µm. Both objects also show stronger H2O absorption at ∼ 1.1 µm. All these differences are consistent with their slightly later spectral types. The H-band is well fitted, but ULAS J222711−004547 presents a slight flux excess at the peak of the band. Our target is also brighter than both L7.5pec in the K-band, with a plateau in flux between ∼2.1 µm and the CO band head. An enhanced dust content of the photosphere and a slightly suppressed molecular hydrogen CIA in ULAS J222711−004547 could be the cause of these discrepancies.
Using the XSHOOTER spectrum we also determined spectral indices for our target. The indices are those used for spectral classification, as defined in Geballe et al. (2002) and Burgasser et al. (2006) , and the gravity-sensitive indices defined in Allers & Liu (2013) . The values obtained for ULAS J222711−004547 are listed in Table 1 , along with reference values for "field" and low gravity L7s (where available). Some of those indices are outside the defined ranges for spectral typing, except the H2O 1.5 µm index which indicates a spectral type of L8, the CH4 2.2 µm which indicates a spectral type of L5, and the H2O−H which indicates a spectral type of T0. We then applied the gravity classification method defined in Allers & Liu (2013 , Table 9 and 10). The method is based on assigning "scores" of 0, 1 or 2 to different spectral features based on their strength. Specifically, the features considered are the FeH absorption bands at 0.998 and 1.2 µm (which strength is measured by the FeHz and FeHJ indices respectively), the VO absorption band at 1.058 µm (measured by the VOz index), the alkali lines (measuring the equivalent width of the Na I line at 1.1396 µm and of the K I lines at 1.1692, 1.1778, and 1.2529 µm), and the "peakiness" of the H-band (measured by the H-cont index). The criteria to assign the scores are defined only for given spectral type ranges, and for some features do not extend down to L7. In those cases we assign a qualitative score based on a direct comparison of our target indices with the values plotted in Allers & Liu (2013) for known low-gravity objects. We assign a score of 1 to the FeH absorption features based on the FeHJ index only, as the FeHz feature falls in the very noisy region of the spectrum, at the edge of the VIS and NIR arms, where the flux calibration of our spectrum is less reliable. We assign a score of 0 to the VO feature as its index falls exactly on the line defining the average value for normal field dwarfs (see Allers & Liu 2013, Figure 20) . Finally, the alkali lines give an average score of 0 while the H-cont index gives a score of 2 (based on the criteria defined in Table 9 and 10 of Allers & Liu 2013) . The median score for ULAS J222711−004547 is therefore 0.5, and so we classify it as a field-gravity dwarf (hereafter FLD-G), i.e. the surface gravity is consistent with normal field dwarfs. This finding is in agreement with the results of Allers & Liu (2013) , where they classified all the URLs in their sample as FLD-G dwarfs.
PHOTOMETRIC PROPERTIES
We obtained the photometry of ULAS J222711−004547 from the UKIDSS LAS, the 2MASS Point Source Catalogue, the WISE All-Sky Data Release, and the NEOWISE Post-Cryo Data Release. The object is undetected in 2MASS J-band, so we determined its synthetic magnitude in that band from the measured spectrum. We checked the accuracy of our synthetic value by comparing it with the magnitude obtained converting its UKIDSS MKO J-band magnitude using the equations presented in Stephens & Leggett (2004) . The two values are in good agreement with each other (18.27±0.06 vs. 18.25±0.04) and we therefore assume as our final 2MASS J-band magnitude 18.26±0.05. We also obtained a NTT/SOFI J-band image of ULAS J222711−004547. The observations were made on the night of 2013-06-22 as part of the NPARSEC program (ESO 186.C-0756 P.I. R. L. Smart) and the observing strategy is fully described in Smart et al. (2013) . Briefly we observed with a nine point dither pattern of 4 × 30 s exposures (i.e. NDIT=4, DIT=30 s) for a total integration time of 18 minutes. This was coadded using the jitter software, and centroids and instrumental magnitudes were found from the resulting coadded image using the SExtractor barycenter and psf fitting procedures (Bertin & Arnouts 1996) . We calculated the zero point of the field using the measured 2MASS J-band magnitudes from the 2MASS Point Source Catalogue (hereafter PSC) of the reference stars in the field, converting them in ESO/SOFI magnitudes using the equations presented in Carpenter (2001) . The SOFI J-band magnitude for ULAS J222711−004547 is 18.13 ± 0.05. This value agrees with the 2MASS synthetic value, although only at the 2σ level. This slight discrepancy could be due to the NTT/SOFI J-band filter bandpass including the telluric absorption bands, whose variability affects differently the early type stars used for photometric calibration and the brown dwarf.
There is no clear evidence for variability in the WISE single exposures in W 1 and W 2, nor in the NEOWISE single exposures in W 1 and W 2.
In Figure 4 and 5 we compare the photometry of ULAS J222711−004547 with known "normal", low-gravity, and unusually red L dwarfs from the literature. We note that our target appears much redder than any of the known late-L dwarfs, and it is still redder than most of the other known low-gravity and unusually red L dwarfs (see Figure 4) . It is particularly interesting to notice in Figure 5 , that our target marks the end of the L-dwarf sequence (running from bottom-left to top-right in the four panels) further stressing its extreme nature, and that its photometry is very similar to the recently discovered free-floating planetary-mass L7 PSO J318.5338−22.8603 .
ASTROMETRY
Other than in UKIDSS Y JHK bands, ULAS J222711−004547 is detected in 2MASS H and K-band, and in WISE W 1-W 2-W 3. In Figure 6 we present the 2MASS K-band, UKIDSS K-band, and WISE W 2-band images of our target. We also show the SDSS z-band image of the field, but we note that ULAS J222711−004547 is undetected. With a total baseline of more than 11 yr between the 2MASS and WISE images, we can estimate the proper motion of our target. A linear fit to the measured positions in 2MASS, UKIDSS and WISE gives a proper motion of µα cos δ = 100 ± 16 mas yr −1 and µ δ = -30 ± 16 mas yr −1 . We tried to estimate the photometric distance to our target using the calibration published in Dupuy & Liu (2012) . However, the peculiarity of ULAS J222711−004547 makes the estimation unreliable, as the calibrations presented in the literature are applicable only to standard objects. It has indeed been pointed out by Faherty et al. (2012) that unusually red L dwarfs tend to be underluminous compared to the average absolute magnitude of their spectral type by up to 1.0 mag. Moreover, their non-standard colours cause them to "move" up and down in an absolute magni- tude − spectral type plot. This results in the photometric distances given by the different magnitudes to be inconsistent with each other, spanning from 68 ± 12 pc if using MKO MY to 31 ± 5 pc when using WISE MW 2. The value obtained using WISE MW 2 should be the most accurate, as the flux at 4.6 µm should be much less impacted by dust.
We tested the possibility of the object being a member of one of the known young moving groups (hereafter MG) using the convergent-point method (e.g. Clarke et al. 2010 ; de Bruijne 1999, and references therein). We de-composed the proper motion of ULAS J222711−004547 into a component towards the convergent point of the MG (µ ) and one perpendicular to that direction (µ ⊥ ). For a MG member µ must be positive while µ ⊥ should ideally be zero. However, given the measurement errors on the proper motion of the target, and the intrinsic velocity dispersion of the MG, one should expect non-zero µ ⊥ . We calculated µ and µ ⊥ for our target relative to 13 known MGs, whose convergent points were taken from Mamajek (2013) . The results obtained are listed in Table 2 . The large uncertainties on the proper motion components and the weak constraint on the distance to ULAS J222711−004547 prevent us from drawing any firm conclusion. It appears however unlikely for the target to be member of any of the MGs considered, given its significant µ ⊥ . Even assuming the smaller distance estimate (31 ± 5 pc) the µ ⊥ obtained corresponds in fact to peculiar velocities larger than 3 km s −1 , and generally above the 3σ velocity dispersion of the MGs. Our results are in agreement with the Bayesian Analysis for Nearby Young AssociatioNs (BANYAN, Malo et al. 2013 ) online tool, that returns a probability of 97% of the object being a field "old" dwarf.
Finally, we searched for common proper motion companions to ULAS J222711−004547. We assumed the shortest distance estimate (31 ± 5 pc) and we looked for objects within 25000 AU from our target, with proper motion components within 2σ from those of ULAS J222711−004547. We used the PPMXL, LSPM, rNLTT, HIPPARCOS, TYCHO2
and UCAC4 catalogues, and we did not find any common proper motion companion to our target.
A summary of the properties of ULAS J222711−004547 is given in Table 3 , where we present coordinates, the available photometry, spectral type, proper motion, and the photometric distance range.
DE-REDDENING
The extremely red colours and spectra of red L dwarfs could be caused by thicker clouds (Cushing et al. 2008 ). Such thicker condensate clouds are believed to be associated with low surface gravity or high metallicity (e.g. Leggett et al. 2007; Looper et al. 2008; Stephens et al. 2009 ). We note that the extinction cross sections of condensate clouds are very sensitive to the characteristic size of the particles so in this context "thicker clouds" may mean a higher optical depth due to slightly larger particles rather than a structural difference in a cloud layer.
Low surface gravity is a sign of youth, and in L dwarfs is marked by triangular-shaped Hband spectra (e.g. Lucas et al. 2001 ). In the case of ULAS J222711−004547, the H-band looks indeed slightly triangular compared to the standard L7 (see Figure 2 ). The effect is however not as strong as seen in known young objects like 2MASS J03552337+1133437 (Cruz, Kirkpatrick, & Burgasser 2009 ) and 2MASS J01225093−2439505 (Bowler et al. 2013 ) . Other signs of youth, like the Li I absorption doublet at 6708Å and the Hα emission at 6563Å are not seen in the spectrum of our target. Their absence however does not rule out the possibility that ULAS J222711−004547 is a young field brown dwarf, as pointed out by Cruz, Kirkpatrick, & Burgasser (2009) and Kirkpatrick et al. (2008) . Also, the kinematics of this object does not match any of the known young moving groups (see Section 5), and it is therefore unlikely that ULAS J222711−004547 is very young. The uncertainty on µ and µ ⊥ is ±16 mas yr −1 . Note: (a) Synthetic value, derived from the measured spectrum.
Checking for interstellar reddening
A way to determine the effect of dust clouds and their role in the formation of the spectra of peculiar red L dwarfs is to de-redden the spectra applying wavelength dependent corrections (e.g. Gizis et al. 2012) . We de-reddened the spectrum of ULAS J222711−004547 using two different reddening curves: the Cardelli, Clayton, & Mathis (1989) and the more recent Fitzpatrick (1999) , assuming the standard value R(V ) = 3.1. For each reddening curve we selected the best colour excess E(B-V) − standard template combination via χ 2 minimization. In both cases the best fit is given by the L7 standard with a colour excess of E(B-V)=1.1. The results are shown in Figure 7 where we compare the normalized spectrum of ULAS J222711−004547 before and after the de-reddening with the standard L7 dwarf Figure 7 . The spectrum of ULAS J222711−004547 (black) and its de-reddened version (green) compared to the L7 standard 2MASSI J0103320+193536 (red). The spectrum has been dereddened applying the Fitzpatrick (1999) extinction curve with a colour excess of E(B-V)=1.1. 2MASSI J0103320+193536. Since there is no significant difference between the results obtained with the two different extinction laws, we only show the correction obtained with the Fitzpatrick (1999) curve. The de-reddened version of the spectrum resembles closely to the L7 standard, but still shows a more peaked H-band, due to its blue-wing being fainter, i.e. the water absorption at 1.4 µm being stronger, than in 2MASSI J0103320+193536. The K-band flux is also slightly enhanced, especially in its red end. We note in particular a "bump" between 2.1 and 2.3 µm, and a weaker CO absorption compared to the L7 standard. This result is quite remarkable and surprising when considering how different the interstellar dust and the atmospheric clouds of brown dwarfs are.
There is of course the possibility that the reddening of the spectrum is due to interstellar dust clouds. However this is improbable as the object is at a distance of less than 70 pc (see Section 5) and that the asymptotic reddening for the field is E(B-V) = 0.068, which corresponds to an integrated extinction of approximately 0.061 mag, 0.039 mag, and 0.025 mag in the J, H, and K band respectively. Reddening and extinction for the field were obtained using the Galactic Dust Reddening and Extinction service 2 , which is based on the results of Schlegel, Finkbeiner, & Davis (1998) . We note that the value of E(B-V) measured for the field is almost constant, with ∆ E(B-V) = 0.01 over an area of 2×2 square degrees. This rules out peculiar properties of the interstellar medium and the presence of molecular clouds along the line of sight, and therefore justifies the use of R(V ) = 3.1.
De-reddening with dust typical of L dwarfs
The surprisingly good results given by the method described above, motivated us to calculate more specific extinction curves, for the dust species that are typical of the atmospheres of brown dwarfs. In this contribution we have considered corundum (Al2O3), enstatite (MgSiO3), and iron, as they are thought to be the most abundant in late-L dwarfs (e.g. Morley et al. 2012 , and references therein). For each dust species we calculated the extinction cross section as a function of wavelength using an adapted version of the Mie scattering code of Bohren & Huffman (1983) . Following Seager, Whitney, & Sasselov (2000) , optical constants were taken from Dorschner et al. (1995) , for enstatite; Koike et al. (1995) , for corundum; and Ordal et al. (1985) , for iron. For corundum we used the "ISAS" particles given in Koike et al. (1995) , since this yields a single scattering albedo spectrum consistent with that shown by Seager, Whitney, & Sasselov (2000) .
We have calculated the extinction for a range of characteristic grain radii (hereafter r) from 0.05 to 1.00 um. For each r we used a Gaussian size distribution with a width √ 2σ = 0.1 × r. This size distribution is wide enough to smooth over the interference effects that arise in Mie scattering. In reality, there is likely to be a broader distribution of grain sizes but the extinction curve is dominated by grains close to r, so it is useful to consider a characteristic size, even though it may not dominate the mass. For example, the scattering cross section of particles much smaller then the wavelength is proportional to the sixth power of the grain size (due to the Rayleigh-like fourth power in efficiency, combined with the physical cross section increasing with the square of radius). Therefore the size distribution would have to be very steep for the smaller particles to contribute significantly.
The range of r that we consider is constrained by basic considerations of light scattering physics and by the fact that particles larger than 1 µm are expected to drop out of the photosphere. If the size parameter x = 2πr/λ of optically dominant grains is much bigger than 1 in the wavelength range under consideration, then the extinction is expected to be "grey", with little or no reddening effect. If r < 0.05 µm then it approaches the small grain limit, and no changes to the extinction curve would be expected if the grains were smaller.
We then de-reddened the spectrum of ULAS J222711−004547 using the extinction curves and fit it to the already mentioned L7 spectroscopic standard 2MASSI J0103320+193536. The fit has two free parameters: other than the grain size r, the normalization of the extinction curve at 2.20 µm (i.e. AK). In Figure  8 we show the best fit obtained for each dust species. Corundum and enstatite (top and middle panel of Figure  8 ) give a very good fit for typical grain sizes of 0.45-0.50 µm. The de-reddened spectrum matches almost perfectly the standard, with only slight discrepancies in the CO absorption band at 2.3 µm and in the CrH band at 0.86 µm. The best fit grain size for iron is 0.20 µm (bottom panel of Figure 8 ), but the quality of the fit is significantly poorer. While the NIR portion is quite well matched, the optical and J-band appear much fainter than in the standard. All the dust species give a best-fit AK of 0.20-0.22, which corresponds to τK = 0.18-0.20. The de-reddened WISE photometry gives a W 1−W 2 = 0.62 (using the corundum or enstatite extinction curve), and 0.63 (using the iron extinction curve). The WISE colours are still redder than the average even after de-reddening them, because the extinction curves we derived decline steeply as a function of wavelength, and the difference between the extinctions at 3.4 and 4.6 µm is therefore negligible.
A complication is that there is a strong peak in the extinction cross section when the grain size is a little smaller than the wavelength of observation (e.g. Figure 15 of Lucas & Roche 1998) . The strength of this peak and the corresponding size parameter depend on the shape and refractive index of the particles. This has the consequence that grains that are a bit smaller than the maximum size can have a significant effect at shorter wavelengths. For this reason we have attempted to de-redden with a power law size distribution of iron grains, in order to determine whether the poor fit to iron is due to the unusual optical properties of this metal or to the fact the large refractive index of iron causes smaller grains in the distribution to have a more noticeable effect. We determined extinction curves for exponents between 0 and -7.00 with steps of 0.25. We assume a fixed minimum grain size of 0.05 µm, while the maximum grain size rmax at which we truncate the power law is a parameter of the fit (as well as AK and the exponent of the power law).
The best-fit obtained is shown in Figure 9 . The maximum grain size obtained is 0.30 µm with AK = 0.30 and a power law index of -2.50. The quality of the fit obtained is equal to that obtained with corundum and enstatite, and much better than the fit obtained assuming a narrow gaussian distribution around the characteristic r. This indicates that given its large refractive index, the size distribution of iron cannot be neglected when computing its extinction.
Testing the method on other Unusually Red L dwarfs
To test the reliability of our method, we applied it to the other URLs plotted in Figure 3 . An example of the fits obtained is shown in Figure  10 where we plot 2MASS J035523.37+113343.7, 2MASS J21481628+4003593, WISEP J004701.06−680352.1, and 2MASSW J2244316+204343 (from top to bottom), dereddened with corundum. Overplotted in red are the corresponding standard templates used. WISEP J004701.06−680352.1, and 2MASSW J2244316+204343 give results that are very similar to those obtained for ULAS J222711−004547. The best-fit grain size for corundum and enstatite is slightly larger (r = 0.50-0.60 µm for AK ∼ 0.5) and the quality of the fit to the L7 standard is surprisingly good. De-reddening using iron gives a best-fit grain size of 0.20 µm for both objects (AK ∼ 0.3), but the quality of the fit to the red-optical part of the spectrum is again poorer. The best-fit parameters for 2MASS J21481628+4003593 against the L6 standard are identical to those given by our target, i.e. r = 0.45-0.50 µm with AK = 0.22-0.24 for corundum and enstatite, and r = 0.20 µm and AK = 0.20 using iron. The quality of the fit to the standard in this case is very good also for the de-reddening using iron, with a very good match to the entire spectrum. The consistency of these results strengthens the validity and the significance of our approach, further highlighting the importance of dust in the photosphere of URLs.
The fits obtained for 2MASS J035523.37+113343.7 against the L5 standard are poorer. The best-fit grain sizes obtained for corundum, enstatite and iron are comparable to those obtained for the other URLs (0.40, 0.50, and 0.15 µm respectively, with AK = 0.26, 0.32, and 0.19). However, the de-reddened spectrum resembles closely that of the standard in the red-optical and J-band, but the standard has stronger H2O and CO absorption, a less peaked H-band, and it is brighter in the K-band. The poorer results obtained for this object could be due to a combination of two factors. First, 2MASS J035523.37+113343.7 is classified as very-low gravity in Allers & Liu (2013) , and it is likely to be a member of the AB Doradus moving group (Faherty et al. 2013 ). Therefore, to fully explain its spectral peculiarities low gravity cannot be neglected, and a simple dust de-reddening is not sufficient. Second, this object is of a slightly earlier spectral type compared to the other URLs considered, and the role of dust clouds in its photosphere is intrinsically less dominant.
De-reddening using different templates
We have also de-reddened the spectrum of ULAS J222711−004547 using different comparison dwarfs. Instead of the L7 standard, we used the L7 2MASS J09153413+0422045, which is slightly bluer than the standard, and the d/sdL7 2MASS J14162409+1348267, which is a known slightly metal-poor dwarf (Bowler, Liu, & Dupuy 2010; Schmidt et al. 2010) . The fit to 2MASS J09153413+0422045 gives typical grain sizes slightly larger but consistent with those obtained with the fit against the L7 standard. We obtain r = 0.50, 0.60, and 0.20 µm for corundum, enstatite and iron respectively. The main difference between the two fits is, not surprisingly, the larger AK given by the bluer template, in the range 0.35 to 0.60. The quality of the fit is still extremely good for the entire spectrum. When fitting the d/sdL7 2MASS J14162409+1348267 we obtain the same typical grain sizes, but a higher extinction AK = 0.79, 0.95, and 0.56 for corundum, enstatite and iron respectively. The quality of the fit remains quite good for corundum and enstatite, except for the H-band peak that appears too triangular compared to the d/sdL7. De-reddeing with iron gives a very poor fit at wavelengths shorter than 1.2 µm, and a good fit to the rest of the spectrum. The results are shown in Figure 11 where we show the spectrum of ULAS J222711−004547 de-reddened using the corundum extinction curve. The two different standards that we used are overplotted in red for comparison.
These surprisingly good results suggest that the differences in photometry and spectra seen in objects of similar spectral types (especially at late-L type, e.g. Zhang et al. 2013 ) could be explained almost entirely by assuming differences in the optical thickness and depth of the cloud deck. The results of this de-reddening however have to be taken with caution. In fact we do not use the extinction curves in a defined structure or medium but simply apply them directly to the observed spectrum. This is equivalent to adding a layer of cold dust at the top of the brown dwarf's photosphere, neglecting the effect of scattering (i.e. both scattered and absorbed photons are considered to disappear), and without taking into account any effect that the extra dust would cause on the atmosphere of the object (e.g. elements depletion, backwarming effect, etc.). Physically, the dust layer as fitted here could be located anywhere above the photosphere, and the fitted extinction AK represents the effect of this dust layer over and above the normal extinction effect of dust in the spectroscopic standard. More realistically, at least some of the additional dust in the red L dwarf is likely to be mixed in with the photosphere, which would mean that the AK parameter is under-estimated. In fact, it is not necessary for the dust in red L dwarfs to be located at a different altitude than in normal L dwarfs. It is only necessary for it to have higher optical depth, per- haps due to larger grain size, or a higher space density of particles, rather than a physically thicker cloud layer.
A larger typical dust grain size in the photosphere can naturally arise from lower gravity, which would increase the maximum grain size that can remain suspended in the photosphere. However, in ULAS J222711−004547 there is no clear evidence for low gravity (see Section 3.2), so the explanation could be a higher than solar metallicity.
MODEL FITTING
We fit the spectrum of ULAS J222711−004547 with a set of atmospheric models to try to understand the origin of its very red infrared colours. We used the BT-Settl and BTDusty models from Allard, Homeier, & Freytag (2011) , the A and AE models from Madhusudhan, Burrows, & Currie (2011) , and the Unified Cloudy Models (hereafter UCM) from Tsuji (2002) ; Tsuji, Nakajima, & Yanagisawa (2004); Tsuji (2005) . For each set of models, we selected the best fit one via χ 2 fitting. The results are shown in Figure 12 where we present the fit to the entire spectrum, and in Figure 13 , 14 and 15, where we show a zoom to the optical+J-band, H-band, and K-band respectively (separately normalized to 1 at their peaks). At the top of each Figure, we plot for comparison the fit given by the L7 standard reddened using the extinction curve for corundum derived in Section 6.
BT-Dusty and BT-Settl models
In the BT-Dusty and BT-Settl models dust species abundances are calculated assuming chemical equilibrium. In the BT-Dusty models, no gravitational settling is considered, and the clouds are homogeneously distributed in the atmosphere of the brown dwarf. In the BT-Settl models instead, the dust grains sediment towards the lower layers of the photosphere, slowly depleting the upper layers. The cloud coverage is still assumed to be homogeneous. The dust grain Figure 12 . The spectrum of ULAS J222711−004547 compared to atmospheric models. The models used are the BT-Settl and BT-Dusty (Allard, Homeier, & Freytag 2011) , the A and AE models (Madhusudhan, Burrows, & Currie 2011) , and the UCM models (Tsuji 2002; Tsuji, Nakajima, & Yanagisawa 2004; Tsuji 2005 ). For each model we indicate in bracket effective temperature, surface gravity and metallicity, following the scheme [T eff /log(g)/[Fe/H]]. For comparison, we show at the top of the plot the fit given by the L7 standard reddened with our corundum extinction curve.
size is determined by the equilibrium between the growth of the grains and their mixing and sedimentation. For the typical atmospheric parameters of late-L dwarfs, this results in grains with a diameter from ∼1 up to ∼10 µm. The mixing time scale is computed by extrapolating the results of hydrodynamical simulations of late-M dwarfs by Ludwig, Allard, & Hauschildt (2002) at lower temperatures. We can see in Figure 12 that the BT models fit quite well the overall slope of the spectrum, with only the Dusty models appearing slightly bluer than the target in the K-band. However, the main absorption features (i.e. the H2O and CO bands, see Figure 15 ) are poorly reproduced. The best fit parameters are very different: the Dusty models suggest T eff = 1800 K (typical of early L-dwarfs) and log(g) = 5.0, while the Settl models give T eff = 1500 K (typical of L5−L6 dwarfs) and log(g) = 3.5. This difference is a direct consequence of the different treatment of dust in the photosphere: the Dusty models, neglecting by assumption the dust settling, do not require low gravity to reach very red colours, while the Settl models do, to allow a greater dust content and at a higher altitude. 
A and AE models
Madhusudhan, Burrows, & Currie (2011) describe the cloud decks in the atmosphere assuming that the dust particle density follows the gas-phase pressure profile, with different "shape functions" to modulate the top and bottom cutoff of the clouds. In the E models, both cut-offs are very sharp; in the A models, the bottom cut-off is very sharp, while there is no top cut-off (i.e. the clouds extend all the way to the top of the atmosphere); the AE models represent an intermediate scenario, with a sharp cut-off at the bottom, and a shallow exponential cut-off at the top. The authors assumed the Deirmendjian size distribution for the dust particles (Sudarsky, Burrows, & Pinto 2000) with modal particle sizes of 1, 30, 60, and 100 µm. In Figures  12-15 we show only the A and AE models, as the E models provide a very poor fit. Both models tend to overestimate the flux in the "blue" portion of the spectrum (at wavelengths shorter than 1.3 µm) and also do not reproduce appropriately the shape of the H and K-band. The strength of the CO absorption at 2.3 µm in this case is overestimated. The A model matches well the strength of the water absorption at 1.4 and 1.9 µm, while the AE model tends to overestimate the strength of both. We note that the best-fit Madhusudhan, Burrows, & Currie (2011) models consider only forsterite clouds. The opacity spectrum of forsterite is very different from that of corundum and enstatite (whose extinction curves provide an excellent fit to the standard), and this could partly explain the poor quality of the fit at short wavelengths. Also, the modal grain sizes adopted vary between 1 and 100 µm, much larger than what suggested by our de-reddening. Such large grains would give a more "grey" extinction in the NIR range, resulting in less reddening. This could explain the very low best-fit T eff (1200 K, typical of standard mid T-dwarfs), as this lower temperature implies an intrinsically redder spectrum, which is needed to fit the colours of ULAS J222711−004547.
Unified Cloudy Models
In the UCM dust grains are assumed to form at the condensation temperature (T cond ≈2000 K) and then grow until they reach their critical radius (at the critical temperature Tcr), at which point they precipitate below the photosphere. The dust clouds are therefore segregated in the portion of the photosphere where Tcr T T cond . In objects with higher T eff (i.e. L dwarfs) the clouds are located higher in the photosphere, and therefore impact more the spectrum. The dust opacities are calculated assuming grains with a fixed radius of 0.01 µm, and considering only corundum, enstatite and iron. As we can see in Figure 12 , the UCM fits properly the flux level in the H and K-band, but as in the BT-Settl models, the strength of the CO absorption at 2.3 µm and of the water band at 1.4 µm is underestimated. The H-band appears too triangular compared to the observed one. Also, we can see in Figure 13 that the red-optical portion looks too smooth compared to the observed spectrum, and is slightly over-luminous. The best-fit parameters are T eff = 1600 K and log(g) = 3.5, in good agreement with the BT-Settl models. The best-fit Tcr is 1600 K, which means that the cloud deck extends all the way to the top of the photosphere.
In summary, all the best-fit models imply a low gravity of log(g) ≃ 3.5−4.0 (with the exception of the BT-Dusty models), in contrast with the index-based classification as FLD-G. The temperature predicted varies significantly, from 1200 K up to 1800 K. This wide range of temperatures can be due to the different approaches to dust treatment adopted by the models considered, further highlighting the importance of condensates in the atmosphere of this red L dwarf. Another parameter that can play a role is metallicity. We must note at this point that the model grids used here are largely incomplete in the sense that they generally offer only solar metallicity spectra. An higher metallicity would facilitate the formation of dust, and could explain the remaining differences between ULAS J222711−004547 and the synthetic spectra shown here. As regards the dust clouds distribution, all the best fit models imply a fully dusty photosphere, with the dust clouds extending all the way to the top of the atmosphere, although their density is assumed to be modulated in different ways, therefore resembling to our de-reddening scenario, where the dust is essentially added on the top of the dwarf's atmosphere (for a more complete review and comparison of the different atmospheric models, and their dust cloud modelling, we refer the reader to Helling et al. 2008 , in particular their Figures 2 and 5) .
We report the discovery of a new peculiar L dwarf, ULAS J222711−004547. This object fits into the category of "unusually red L dwarfs", showing very red infrared colours while not displaying any particular sign of youth. Its kinematics in fact do not point towards membership of any of the known young moving groups, and its spectrum does not show the "trademarks" of young brown dwarfs. The index-based classification developed by Allers & Liu (2013) suggests that the object has surface gravity consistent with the field population of L dwarfs. Current atmospheric models however suggest a low gravity nature for ULAS J222711−004547, but fail to reproduce properly its spectrum. The most poorly reproduced feature are the water vapour absorption band at 1.4 µm, the "peakiness" of the H-band, and the CO absorption band at 2.3 µm. It is not excluded that a non-standard, higher-than-solar metallicity could explain these discrepancies.
However, applying a simple de-reddening curve, the spectrum of ULAS J222711−004547 becomes remarkably similar to the spectra of the L7 spectroscopic standards. This result is rather surprising, as the atmospheric clouds of brown dwarfs are quite different in terms of dust grain size and density compared to the interstellar dust. Refining our de-reddening approach by using extinction curves for the most abundant dust species in the atmospheres of L dwarfs (corundum, enstatite, and iron) allowed us to obtain even higher quality fits, not only for our target but for other URLs as well. It appears that the differences in NIR colours and spectra of late-L dwarfs could be almost entirely explained by assuming a higher dust content in the photospheres of the redder objects. If our simple model is taken at face value, the grain size in the atmosphere would be typically ∼0.5 µm. An important point to stress is that the models that better fit the spectrum and photometry of ULAS J222711−004547 are characterized by fully dusty photospheres, with the clouds extending all the way to the top of the atmosphere. This is to some extent similar to our simple de-reddening, where the dust is essentially located above the atmosphere, and suggests that URLs and giant planets are characterized by thick clouds in the uppermost layers of the atmosphere, probably caused by a combination of slightly low gravity and high metallicity.
Further study of ULAS J222711−004547 and other red L dwarfs will help to understand better the role of dust clouds in ultracool atmospheres, their formation and subsequent disruption, and will lead to a better understanding of the atmospheric dynamics of gas giant planets. Variability studies in particular can help to understand the cloud dynamics in the atmosphere of these peculiar objects, highlighting the role of dust in shaping the spectra of URLs. A more detailed and rigorous modeling of the reddening induced by the dust excess will be the key to understand the nature of this objects, and could potentially lead to more robust observational constraints on the grain size distribution and abundances in the atmospheres of brown dwarfs.
